In general, it can be said that physiologically birds distinguish color, although the spectrum range is not clearly defined; that diurnal birds are stimulated more by red-yellow color bands and nocturnal birds by blue-green color bands; that birds generally react to color on the basis of wave length, that is, color tone; that the function of the oil droplets of the retina as color filters is not completely understood; and lastly, that there is some evidence to show that when the intentity of illumination is decreased, the darkening effect is greater on red, orange and yellow than on blue or green, so that the point of maximum brilliance in the spectrum under reduced illumination shifts from yellow into green (Purkinje effect).
much influenced in their choice of food by colour, for though white currants are a much sweeter fruit than red, yet they seldom touch the former till they have devoured every bunch of the latter."
The large number of plants having red berries may be the result of birds being attracted to them because of the red color, thereby scattering the seeds more widely, according to G. Hess ( 1951) . The propensity of some birds for the red color is also reported by Pickens and Garrison (193 1). Ruby-throated Hummingbirds (Archilochus colubris) visited colored flowers in a garden where red comprised 4 per cent of the available flower color. In three separate Wials, 41,33, and 38 per cent of the visits were made to red flowers, in the series of 1.2 possible color selections.
Lyerly, Riess, and Ross (1950) used one female Mexican Violet-eared Hummingbird (Colibri thaalassinus) and generous application of statistics in selection tests of feeding bottles colored with fingernail polish. They found that only yellow was chosen significantly fewer times than red, green, and blue. Among the latter colors there was no statistical difference.
Marples (1933 j fed colored peanuts to wild tits (Parus major and P. caeruleus)
and nuthatches (Stta europaea). He alternated colored with uncolored offerings and also placed the peanuts in concentric rings in some tests so as to eliminate position bias. His experiments were well conceived but poorly executed and inadequately interpreted since in each of five trials he changed the number of available colors and there is no short summary of his results. If one takes some of his test colors, using only those employed in all five tests, and rates these on an arbitrary scale of five points for first choice, four for second, and so on, the natural uncolored nut ranked first, the white nut second, the orange third, the green fourth, and the dark blue fifth. Red and purple were a poor tie for sixth position (table 1). A very interesting experiment in color awareness was conducted by S. Smith (1945) who constructed plastic fecal sacs which were placed on the rims of nests containing young birds. The natural inclination of the adults to keep the nest clean caused them to remove the false fecal sacs. In one set of five trials involving a pair of Meadow Pipits (Anthus p&e&s), green, white, yellow, red and purple fecal sacs were removed in that order. In two of these trials the purple sac was ignored. Four similar trials at the nest of a Yellow Wagtail (MotaciZZa jlava) showed the order of removal by the male to be yellow, purple, white, green and red. In the latter case the female removed only white artificial sacs. Smith (op. cit.) makes no sweeping claims for the data but states that there "may be a correlation between the colour awareness of a bird and the plumage colours of the species. . . ." I saw no such relationship in this or other colorawareness situations. Edwards (op. cit.) reported that the Satin Bower Bird which appeared to prefer blue objects with which it adorned its nest also had blue eyes.
Eggs and color associations.-McClure (in Kalmbach, 1943) states that in Mourning Doves (Zenaidura mac~oura) , whose eggs are white, one "can color them any color you can conceive of" and the bird will continue, with only slight hesitation, to incubate the colored eggs. Not all birds are so undiscerning. Tinbergen (1953) in his field experiments with Herring Gulls (Lams argentatus) on egg recognition substituted colored eggs for the normal eggs in a series of nests. His conclusions were "that various colours have about equal releasing value, although there are indications that the natural colours are somewhat more stimulating than blue and yellow. Red, however, is definitely less stimulating, and even releases another response." Herring Gulls also refused to accept red eggs in the experiments of Goethe (1937) .
The crux of the information discussed here is that there is no clear-cut pattern of reaction to color by various groups of birds or by birds in general. Each test seems to be conditioned not only by color but by attendant circumstances. Indeed the experimental situation may be the essential factor determining the color selected or rejected.
HOUSE WRENS AND COLORED NEST BOXES
My experiment was conducted to test whether House Wrens would discriminate among identically constructed nest boxes that were painted different colors. The type Unfortunately not all the batteries were occupied by wrens in every year. The results of 11 years' testing are shown in table 2. There was no statistically significant difference in choice among the various positions in the battery irrespective of color. Of the 98 boxes containing complete nests, red and green were obviously selected in preference over the remaining three colors. In order to test the statistical significance, if any, among the five colors, the Duncan multiple range test was applied (Duncan, 1955) . This test compares each color with every other color. The results are presented in table 3. There was no difference between red and green, green and blue, blue and yellow, yellow and white. The differences among other combinations were significant at levels ranging from .Ol to .05. Since there was no difference between red and green, I suspected that old wrens that had nested in one of our many single green boxes in previous years might have returned and again used a green or a red box in the test battery. This happened in only one case, and the banded wren that had previously used a green box returned to nest in a blue box. Table 3 deals with boxes in which a complete nest was made and at least one egg deposited. In a battery containing such a nest, other boxes also contained nesting material in varying amounts. The same holds for batteries where only a male nest was present and the other boxes had lesser amounts of nest material. In cases where the amount of nesting material could be rated on the basis of 5 points for the most, grading to 1 point for the least amount, 44 batteties were rated. As for the batteries containing complete nests, red and green were again preferred and showed no statistical difference at the .OS level in the preference (amount of use) between them by the wrens. The same was true among white, blue, and yellow, but these latter colors were preferred statistically less (.OS) than red and green. One breakdown in the tolerance of the House Wren and also of the Tree Swallow (Zridoprocne bicolor) occurred in the nesting season of 1954 when a pair of each species nested in one of the batteries of colored boxes. The wren began nest building first and was followed in about three days by the Tree Swallow. The first egg was laid by the wren. On the following day the Tree Swallow laid the first egg of a clutch of four. The wren continued its laying until a clutch of six had been laid. Both females incubated, and all eggs hatched. The young of both species were fed without interspecific strife for six days when both nests were destroyed by a raccoon. I am confident that both sets of young would have fledged, as the birds had become spatially adjusted to each other. The Tree Swallow used the yellow box in position one and the wren used the red box In position five. In this case position was perhaps more important than the color of the box to the Tree Swallow because it nested after the wren had begun nesting. The distance between the entrances of the two end boxes was about 26 inches.
Wrens are usually double-brooded and frequently nest a second time in the same area if a site is available. Second nests of battery-using birds were sometimes placed In three cases, a pair of wrens nested simultaneously in two boxes. In all of these nestings, white was one of the "colors" involved (table 5). Since there was no difference between various pairs of colors (for example, red-green, green-blue, blue-yellow, and so on), the double nesting conceivably might have been one of color confusion. This, however, was not the case; instead it appeared to be a matter of position in the battery. In all instances, the two boxes were adjacent to each other, but the exact position was not recorded for one combination. Only one nest was successful in fledging its young, although young were hatched from one box in each of three pairs of boxes. The failures were not associated with the compound nesting effort. The nesting success of 57 per cent for the general study where 336 single boxes were used is barely different statistically (chibsquare test) from the 66 per cent recorded for the 98 colored boxes in the batteries. This can be accounted for, I believe, by reason of the fact that the color-test boxes were usually placed in the best possible sites in order to insure acceptability. This no doubt improved the chances for successful nesting as well.
DISCUSSION
This study adds another piece to a multi-unit mosaic on the role of color in the life of a bird. No attempt has been made here or elsewhere to put the pieces in order. There is no readily discernible pattern on the acceptance or rejection of given colors by birds, and often contradictory data present themselves. This apparent lack of conformity may lie in the difficulty of removing attendant variables associated with the testing situations. The relationship of brightness to color saturation is not always available for comparison in the various experiments nor are the colors always measured by the several color standards. Conditions in the wild are particularly difficult to control, yet it is here that the ecologist particularly wishes to resolve his problems.
The basic biology of color has wide interest and application. There is doubtless considerable evolutionary significance in the choice of color or association with color among birds and mammals and invertebrates as well. Yet this aspect of natural history is relatively unexplored. A knowledge of color preference or aversion could be used in animal control and management, particularly in control of pests by use of lethal baits or in discouraging nuisance activity or depredation by wild or feral animals. When the physiology, biochemistry, neurology, and ethology of the relationship of color to birds has been worked out, the widely scattered information now in the literature will add materially to the expanding picture of color biology.
SUMMARY
For 11 years, House Wrens (Troglodytes aedort) were given a choice of red, yellow, blue, white, and green nesting boxes. Each colored box was rotated in batteries of five boxes each. Of 98 nests constructed in the boxes, red and green were preferred and white was used least. There was no significant difference in the position of the accepted boxes in the battery. Wrens nesting for the second time within the year in a battery tended to use the same box occupied by the first nest. Three simultaneous nesting efforts within a battery were influenced by position rather than color, as the two nests were in each case adjacent to each other. A general study of wrens using single green boxes showed a 57 per cent fledging success, compared to 66 per cent in the colored batteries. This can be accounted for on the basis of better sites being used for the batteries.
